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METHOD AND APPARATUS OF DIAGNOSING DETERIORATION OF 
AN ARTICLE 



BACKGROUND OF THE INVENTION 
5 The present invention relates to an evaluation method 

of evaluating an article, a deterioration diagnosis system 
for diagnosing a deterioration degree using the evaluation 
method, a material identification system for identifying an 
internal material and a quality control system for 

!,«*. 

U 10 controlling quality. 

A technology of controlling quality of an article by 
|jj irradiating light on the article to diagnose the physical 

j'iN 

>* properties is widely used. The diagnosis of an article by 

!U irradiating light on the article and measuring the 

[M 15 reflected light is preferable because the diagnosis is 
(fj affected by an internal material of the article, and the 

S'lJ article need not to be contaminated or damaged. 

For example, a semiconductor device is required to 
have high smoothness of its surface. Japanese Patent 
20 Application Laid-Open No. 11-330185 discloses an apparatus 
for manufacturing semiconductor devices in which polarized 
light is irradiated onto the semiconductor device to 
evaluate a surface state or a film thickness of a 
semiconductor layer. Further, Japanese Patent Application 
25 Laid-Open No .2000-131243 discloses an optical sensor which 
detects a surface state of an object to be detected by 
accurately evaluating and correcting a distance between the 



2 

object to be detected and the measurement instrument. In 
these optical diagnoses, asperities on the surface are 
detected by measuring phase difference between incident 
light and reflected light to accurately measure the phase 
5 of polarized light. 

Japanese Patent Application Laid-Open No. 11-235097 
and Japanese Patent Application Laid-Open No. 9-222393 
propose a deterioration diagnosis system which diagnoses a 
deterioration degree by measuring a reflection absorbance 
q 10 difference between or a reflection absorbance ratio of two 
jig light beams each having an arbitrary wavelength among light 

j,| beams irradiated on an object from plural kinds of 

U monochromatic light sources, and by referring the 

» ■ relationship between the absorbance difference or the 

f| 15 absorbance ratio and deterioration degree. 

jfj In addition, Japanese Patent Application Laid-Open 

fjj No. 10-115601 discloses deterioration diagnosis of an 

insulator coated film in which elastic wave is measured by 
irradiating light on the insulator coated film. 
20 There are many kinds of physical properties in an 

article required to be diagnosed. Therefore, in the 
evaluation methods described above, there exist some 
physical properties which are not evaluated. 

Since needs of miniaturization and close-packing of 
25 semiconductor devices are being increased, a technology 
capable of diagnosing defects in a material composing a 
product in addition to smoothness of the surface of the 
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material is required in the field of the semiconductor 
device manufacturing. The technology evaluating materials 
is useful because the technology can be used for not only 
the semiconductor device but also for controlling quality 
5 of articles. The present invention has been made under the 
background described above. 

Further, in the deterioration diagnosis system 
described above, deterioration factors not appearing change 
in the reflection absorbance or the reflection absorbance 
?5 " 10 ratio cannot be diagnosed by the deterioration diagnosing 
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method described above. In regard to deterioration of an 



!'M article, there are many deterioration factors depending on 

I'ij 

w an environment where the article is placed. For example, 

i"U 

a- for a cable installed in a facility relating to a nuclear 

I'll 15 power station, the deterioration factors are heat and 

I'M 

j|jf§ radiatxon dose, and the deterioration may progress faster 

fk 

i'll compared to a cable placed in the other facilities. Since 

the electric insulating property of the cable is degraded 
by deterioration, it is necessary to change the cable 

20 before the deterioration is progressed. There are many 
reports since there is a large demand for the deterioration 
diagnosis of cables. Deterioration diagnoses of cable 
sheathing insulator materials utilizing ultrasonic wave 
propagation speed are disclosed in Japanese Patent 

25 Application Laid-Open No. 11-118773, Japanese Patent 
Application Laid-Open No. 10-19856 and Japanese Patent 
Application Laid-Open No. 7-35732. Deterioration diagnosis 
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of insulation materials by detecting small leakage current 
is disclosed in Japanese Patent Application Laid-Open No. 7- 
245869. In connection with these diagnosis methods, it is 
described in the Transaction of the Institute of Electrical 
5 Engineers of Japan, vol.l20-B, No. 11, pl437 (2000) that an 
index of deterioration state is generally expressed by the 
correlation with elongation characteristic. 

Therefore, it is desirable to execute a highly 
reliable deterioration diagnosis by studying a factor of 
10 material deterioration and selecting a method corresponding 
to the factor. 

Further, as described above, progress of 
deterioration of an article depends on the surrounding 
environmental condition. Further, when the deterioration 
15 diagnosis of cables is performed, in a case where a large 
amount of cables are laid like in a power station, it is 
difficult to measure all the cables having different laying 
time and different laying environment. 

20 SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
method of diagnosing quality of an object to be diagnosed 
corresponding to a defect factor of the object to be 
diagnosed. 

25 Another object of the present invention is to provide 

a method of diagnosing quality of an object to be diagnosed 
corresponding to a defect factor of the object to be 
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diagnosed. 

A further object of the present invention is to 
provide a deterioration managing method which determines a 
changing timing and a handling method of deteriorated 
5 articles. 

A first means for solving the above-described problem 
is a quality diagnostic system which irradiates light 
having polarization onto a article, and measures a 
variation of polarized light of the reflected light from 
q 10 the article, and diagnoses the quality of the article using 
jjj a pre-input correlation between quality of the article and 

hi 

j : y variation; of polarized light. 

iH 

i!y Further, the first means for solving the above- 

described problem is a material identifying method in which 

jl| 15 light having polarization is irradiated onto an article, 

lit 

0 and a variation of polarized light of the reflected light 

III from the article is measured to detect the material of the 

article from the variation of polarized light. 

A second means for solving the above-described 
20 problem is a deterioration diagnostic system in which light 
having polarization is irradiated onto an article, and a 
depolarization degree of the reflected light from the 
article is measured, and then the degradation of the 
article is diagnosed using a pre-stored correlation 
25 function between deterioration degree of the article and 
depolarization degree of polarized light. 

Further, a third means for solving the above- 



described problem is a method in which light having 
polarization is irradiated onto an article, a first 
deterioration degree of the article being measured using a 
depolarization degree of polarized light of the reflected 
light, light having a plurality of arbitrary wavelengths 
being irradiated onto the article, the reflected light from 
the article being measured, a second deterioration degree 
of the article being measured using a reflected light 
intensity difference (including absorbance difference or 
absorbance ratio) between the arbitrary two wavelengths, 
then a deterioration degree of the article being diagnosed 
using the first deterioration degree and the second 
deterioration degree. 

A fourth means for solving the above-described 
problem is a deterioration managing method in which 
polarized light is irradiated onto an article, the 
reflected light of the polarized light being received, a 
depolarization degree of the polarized light being measured, 
a deterioration degree of the article being diagnosed using 
a correlation function between the depolarization degree of 
the polarized light and the deterioration degree of the 
article, and then a changing timing of the article being 
determined. In a case where there are many articles of 
which their deterioration degrees are to be diagnosed, 
arbitrary articles among all the articles are diagnosed. 
Then, if it is judged that some articles are necessary to 
be changed, all the articles are changed. Thereby, 
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management of many articles can be performed. 

A fifth means for solving the above-described problem 
is a deterioration managing method in which polarized light 
is irradiated onto an article, the reflected light of the 
5 polarized light being received, a depolarization degree of 
the polarized light being diagnosed, a first deterioration 
degree of the article being diagnosed using a correlation 
function between the depolarization degree of the polarized 
light and the deterioration degree of the article, light 
;;ti 10 having a plurality of wavelengths being irradiated onto the 
!'| article, an absorbance difference or an absorbance ratio of 

•'!<fj tne light having the plurality of wavelengths being 



ti 

m 



measured, a second deterioration degree of the article 
;; A 5 being diagnosed using a correlation function between the 

jj'j 15 variation of light intensity and the deterioration degree 
£fj of the article, a deterioration factor being identified 

I'll from the first deterioration degree and the second 

deterioration degree, then a method of coping with the 
deterioration factor being output. 
20 The deterioration factor of the article is identified, 

and an action for excluding the deterioration factor such 
as change of the installation place of the article or 
change of the material of the article is made. As the 
result, the deterioration is suppressed to improve the 
25 durability of the system and accordingly to reduce the cost. 



BRIEF DESCRIPTION OF DRAWINGS 
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FIG. 1 is a block diagram showing an embodiment of a 
non-destructive diagnosis system for cable sheathing 
insulation material in accordance with the present 
invention. 

5 FIG. 2 is a block diagram showing an embodiment of a 

non-destructive diagnosis system for cable sheathing 
insulation material in accordance with the present 
invention. 

FIG. 3 is a flowchart of calculation for determining 
10 a deterioration degree using depolarization degree and 
absorbance difference. 

FIG. 4 is a graph showing an example of the 
relationship between reflection absorbance difference and 
deterioration degree (a second master curve). 
15 FIG. 5 is a graph showing an example of the 

relationship between depolarization degree (DP) and 
deterioration degree (a first master curve). 

FIG. 6 is a graph showing an example of change in 
reflection absorbance spectrum of a cable sheathing 
20 insulation material. 

FIG. 7 is a block diagram showing an embodiment of a 
non-destructive diagnosis system for cable sheathing 
insulation material (using an optical fiber cable) in 
accordance with the present invention. 
25 FIG. 8 is a block diagram showing an embodiment of a 

non-destructive diagnosis system for cable sheathing 
insulation material (using an optical fiber cable) in 
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accordance with the present invention. 

FIG. 9 is a view showing the structure of an end face 
of the optical fiber cable. 

FIG. 10 is a cable deterioration manage flowchart in 
5 accordance with the present invention. 

FIG. 11 is a diagram showing an example of amount of 
cables and selection of number of cables to be measured in 
each area divided according to environmental condition in a 
power station. 

10 FIG. 12 is a management flowchart in accordance with 

the present invention which analyzes a deterioration factor 
from deterioration form and outputs improved contents . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
15 The present invention will be described below in 

detail. 

The inventors of the present invention studied on the 
relationship between deterioration degrees and optical 
properties of various kinds of cable sheathing insulation 

20 materials. As the result, it was clarified that 
polarization of reflected light from the surface of the 
cable sheathing insulator material was varied as the 
deterioration was progressed. Further, the inventors of the 
present invention found that the variation was different in 

25 the deterioration factor from variation in the reflection 
absorbance difference or the reflection absorbance ratio. 
By combining the variation of polarization due to 
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deterioration of the cable sheathing insulation material 
and the variation of the reflection absorbance difference 
or the reflection absorbance ratio of light between two 
wavelengths, the deterioration degrees of the cable 
sheathing insulation material can be determined on a 
factor-by-factor basis. 

Therein, a light intensity ratio of the minor axis to 
the major axis of polarized light can be used as the 
variation of polarization. 

The correlation function between the deterioration 
degree of the article and the depolarization degree of the 
polarized light may be formed by artificially deteriorating 
an article or may be formed by measuring the depolarization 
degree of polarized light of a naturally deteriorated 
article. 

( 1 ) A non-destructive deterioration diagnostic method and 
a non-destructive deterioration diagnostic system according 
to the present invention are characterized by that 
irradiation light having polarity from a light source 
emitting light having at least one kind of wavelength is 
irradiated onto a surface of the article; the reflected 
light from the article being received; a depolarization 
degree (DP) of polarized light of reflected light being 
measured; a first deterioration degree of the article being 
determined by executing comparison operation using a pre- 
stored relationship between depolarization degrees of 
polarized light and deterioration degrees formed using a 
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deteriorated material of the same kind as a material of the 
article; irradiation light having at least two kinds of 
wavelengths being irradiated onto the surface of the 
article; the at least two kinds of reflected light from the 
article being received; an intensity of the reflected light 
for each wavelength (1^) being measured at a light quantity 
measurement portion; a reflection absorbance (A A ) being 
calculated by Equation ( 1 ) ; a reflection absorbance 
difference ( AA) or a reflection absorbance ratio (A') of 
two arbitrary wavelengths being calculated by Equation ( 2 ) 
or Equation (3); a second deterioration degree of the 
article being determined by executing comparison operation 
using a pre-stored relationship between reflection 
absorbance difference or reflection absorbance ratio and 
deterioration degree formed using an artificially 
deteriorated material of the same kind as a material of the 
article; and finally a comprehensive deterioration degree 
of the article being determined from the determined results 
of the first deterioration degree and the second 
deterioration degree based on a pre-stored relationship. 

A A = -log (I A /I 0 ) ...(1) 

(there, l 0 is reference reflected light intensity) 

AA = (A A1 ) - (A A2 ) .-.(2) 
(there, Al < A2) 

A' = (A A1 ) / ( A/L2 ) .-.(3) 
(there, Al < A2) 

Therein, as the light source, either of a 
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monochromatic light source having a peak wavelength in an 
arbitrary wavelength (for example, above 400 nm and below 
1350 nm) or a light source extracting light using an 
interference filter from a white light source such as a 
5 halogen lamp may be used. Further, as the monochromatic 
light source, a laser diode (LD) or a light-emitting diode 
(LED) is preferable because of easy availability, long 
lifetime and stable performance. The light source for 
measuring the reflection absorbance difference or the 

U 

q 10 reflection absorbance ratio and the light source for 

;•*« 

j;| measuring the DP may use either the same wavelength light 
||j or different wavelength light. 

Further, the method of irradiating light onto the 
^ surface of the article may be performed by directly 

I'll 15 irradiating light from the light source through an optical 

i St? 

tft. system composed of an optical lens group or by irradiating 

tS 

j'U through an optical fiber. In regard to the optical fiber 

cable, although the measurement can be performed by using a 
single optical fiber wire, in order to increase a quantity 

20 of light and to reduce bending loss it is preferable to use 
a bundle fiber formed by bundling optical fiber wires. 
Further, when an optical fiber is used as the light guiding 
body for measuring the DP, polarization plane preserving 
fiber should be used. A polarizer is generally used to 

25 extract polarized light, and an analyzer is also used for 
measuring the DP. 
(2) The non-destructive deterioration diagnosis described 
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above can be applied to the diagnosis for cable coating 
insulation material. In this case, the non-destructive 
deterioration diagnosis can be applied to a cable 
management method for determining changing timing of 
5 deteriorated cables. A deterioration management method for 
cable coating insulation material according to the present 
invention is characterized by that the method comprises the 
steps of obtaining a relationship between physical property 
and/or electric characteristic of each material used for a 

10 cable sheathing insulation material and optical diagnosis 
result obtained from the non-destructive deterioration 
diagnosis method of cable sheathing insulation material; 
inputting data on the sheathing insulator material and 
manufacturing time of a laid cable to be diagnosed, and 

15 laying and environment data such as laying time, a place of 
the cable laying, a laying period and measuring position 
information to set a deterioration control value for 
determining a changing timing for each material of the 
cable sheathing insulation material using the data group 

20 for diagnosis in advance; and determining a changing timing 
of the cable by executing comparison operation between an 
optical diagnosis result of the sheathing insulation 
material of the cable to be diagnosed and the preset 
deterioration control value. 

25 In general, the change of reflection absorbance 

spectrum of a cable coating insulation material caused by 
deterioration can be typically expressed by the change 
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shown in FIG. 6. The reflection absorbance spectra are not 
influenced by measuring temperature or by humidity. Since 
the reflection absorbance in the short wavelength side is 
increased as the deterioration is progressed as shown in 
5 the figure, the coating insulation material is gradually 
changed dark-colored. The increase in the spectrum in the 
short wavelength side is mainly caused by change in the 
chemical structure (bonding form) due to thermal oxidation 
deterioration of the resin, and in solid-state physics, 

10 caused by increase in the electronic transition absorption 
loss. Since the behavior described above is exhibited, the 
reflection absorbance difference and the reflection 
absorbance ratio between arbitrary two wavelengths are 
similarly changed with progress of deterioration. The 

15 reason why the difference or the ratio between the two 
wavelengths is taken is to cancel the effect of the surface 
state. In the present invention, the progress degree of 
deterioration mainly caused by the chemical structure 
(bonding form) change is to be referred to a second 

20 deterioration degree. 

In the cable laid in a facility relating to a nuclear 
power station or the like, progress of the deterioration of 
the cable is sometimes faster than that of cables laid in 
the other common environment. It is considered that the 

25 reason to accelerating the deterioration is change in 
higher structure of resin, that is, crystallization 
(coagulation) of resin inner portions. Since the change in 
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the higher structure does not cause the change in the 
chemical structure (bonding form), the change in the higher 
structure cannot be found by the reflection absorbance 
spectrum described above. In order to find the change in 
5 the higher structure, that is, the change in the 
crystallization, the present invention employs a measuring 
method using polarized light. A depolarization degree of 
polarized light is quantitatively measured through 
polarization measurement, and a variation of the higher 

j;* 10 structure can be correlated with a deterioration degree 

(3 

using a separately generated calibration curve. Therein, in 

W 

111 the P resent invention, the progress degree of deterioration 

J* mainly caused by the higher structure (crystallization) 

* m change is to be referred to a first deterioration degree. 

j,| 15 As described in Japanese Patent Application Laid-Open 

! !E No. 3-226651, a deterioration degree is generally expressed 

ry by a reduced time 6. By expressing by the reduced time£, 

even if materials have various kinds of deterioration 
histories, the deterioration degrees the materials are 
20 equal to each other when the reduced time is the same. The 
reduced time# is defined by Equation (4). 

6= t X exp (-AE/RT) •••(4) 
where, A E is an apparent activation energy of 
deterioration (J/mol), R is the gas constant (J/K/mol), T 
25 is an absolute temperature of deterioration (K), and t is a 
deterioration time (h). 

The apparent activation energy of deterioration A E 
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can be easily calculated by artificially deteriorating a 
material of the same kind and forming Arrhenius plots of 
the results. Further, letting a reduced time corresponding 
to a pre-set lifetime be 0 0 , a difference AO between the 
5 reduced life time 6 0 and a reduced time 6 obtained from 
actual measurement is a reduced time corresponding to a 
residual lifetime which is used as a reference for judging 
the deterioration degree. That is, the residual lifetime A 
t (h) can be expressed by Equation (5). 
S) 10 At = AO/ exp (-AE/RT) 

i;Ci ••• (5) 

When the condition of an average using temperature 
Jjj after time t is determined, the residual lifetime At ( = 

t 0 -t) can be calculated. 

P 

jU 15 The progress degrees of deterioration are calculated 

(|N based on individual deterioration judging references, and 

j'jj then in the actual judgment, a result of progressed 

deterioration is derived as the true deterioration degree 
from both of the calculated deterioration degrees. Since 
20 the present diagnosis can evaluate both of the chemical 
structure (bonding form) change and the higher structure 
(crystallization degree) change at a time, it is possible 
for the first time to perform comprehensive diagnosis 
capable of including change in values of the other physical 
25 properties which have failed to be noticed by the 
conventional evaluation technologies paying attention on 
only one physical property. As described above, in the 
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present invention the deterioration degree can be diagnosed 
on each deterioration basis. Further, since the 
deterioration degree is judged by measuring the reflected 
light from the surface, the characteristics of the base 
5 resin itself can be easily measured, and the measurement is 
hardly affected by the kind and the mixing amount of the 
plasticizer or the filler which exists in the inner portion 
and not appears on the surface. 

As described above, the higher structure of resin or 

10 the like can be evaluated by measuring the depolarization 
degree of polarized light. In a case where there is a 
portion having a different higher structure in a material 
of an article, is possible to detect the portion be 
irradiating polarized light on the article and measuring 

15 the depolarization degree of the polarized light as 
described above. By utilizing this characteristic, it is 
possible to control guality of an article or to evaluate a 
material of an article using the diagnostic system as 
described above. 

20 The present invention will be described below in 

detail, referring to embodiments. 

(Embodiment 1) 

FIG. 1 and FIG. 2 is a block diagram showing an 
25 embodiment of a non-destructive diagnosis system for cable 
sheathing insulation material in accordance with the 
present invention. FIG. 3 is a flowchart of calculation for 
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determining a deterioration degree. These figures 
illustrate deterioration diagnosis of a cable coating 
insulation material. Referring to FIG. 1 and FIG. 2, an 
operation part 11, an operation part 12 and an operation 
5 part 13 are composed of a hard disk unit, a measured data 
storing memory, a read-only memory, a microprocessor, a 
display unit and so on, and perform not only calculation of 
the deterioration degree but also perform switching of 
light source wavelength, inserting and withdrawing of a 
Q 10 polarizer 8 and an analyzer 9, driving control of the 

a 

$ analyzer, and displaying an operation results. As light 

ry 

ill sources of a light source portion 2, a laser diode (LD) of 



w 
ru 



Al = 405 nm and a laser diode (LD) of A. 2 = 780 nm were 
used in a condition of 400 /ZW emitting light output power, 



|| 15 respectively. 



Initially, description will be made below on the 



p 

i'y method of evaluating the depolarization degree (DP) of the 
polarized light by measuring polarized light of the 
reflected light of the cable coating insulation material 1, 

20 referring to FIG. 1. Firstly, the operation part 12 outputs 
an instruction of inserting the polarizer 8 and the 
analyzer 9 to insert filters to the light source portion 2 
and a detector 6. A rotating mechanism for detecting a 
rotation of a plane of polarization due to the measured 

25 sample is contained in the analyzer 9, and the operation 
part 12 also executes driving control of the rotating 
mechanism. In the present embodiment, light measurement 
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using the light source of A. 2 was performed. In order to 
determine a reference angle a 0 , before starting actual 
measurement, pre-measurement is performed using an alumina 
white plate or the like and, the result is pre-set to the 
5 operation part. The polarized emitted light from the light 
source of A 2 is reflected on the surface of the cable 
coating insulation material 1 to reach the detector 6 
through the analyzer 9. The analyzer is driven by a servo 
motor until the quantity of light becomes the maximum value, 

10 and the angle a and the light intensity I- at that time are 
obtained. Therein, a distance between the surface of the 
cable coating insulation material 1 and the end surface 
(including a protective quartz glass plate) of the light 
source portion 2 is 3 mm. Next, the analyzer 9 is rotated 

15 to a position of an angle larger than a by +90° to measure 
a light intensity l 90 at that position. In the present 
invention, I ratio = I 90 /I a is used as the index of DP. The 
first deterioration degree is determined from the value 
I ratio obtained as described above. The measured result in 

20 this time was I ratio = 0.11. Further, a relationship (a 
master curve) between the depolarization degree (DP) of the 
polarized light and the deterioration degree of the cable 
coating insulation material 1 shown in FIG. 5 is pre-stored 
in the operation part 12, the measured deterioration degree 

25 of the cable coating insulation material can be calculated 
as the reduced time 6 using the relational chart to 
display the result. Since the ratio I ratio at the lifetime 
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point in the case of the cable coating insulation material 
in this time is 0.24, the progress degree of the 
deterioration is 46 %. In other words, it can be understood 
that the deterioration is progressed by 4 6 % as change in 
5 the higher structure (crystallization degree). 

Next, description will be made below on the method of 
evaluating the absorbance difference or the absorbance 
ratio by measuring light intensities of the reflected light 
of the cable coating insulation material 1, referring to 

10 FIG. 2. The reflected light intensities (I Al , 1^) of the 
cable coating insulation material 1 of the light sources of 
the individual wavelengths were measured as flows. The 
emitted light from the light source of A 1 is reflected on 
the surface of the cable coating insulation material 1 to 

15 reach the light quantity measuring portion 5, and the light 
intensity I Al is obtained. Therein, a distance between the 
surface of the cable coating insulation material 1 and the 
end surface (including a protective quartz glass plate) of 
the light source portion 2 is 3 mm. There, an optical 

20 system is set so that the irradiating light beams of the 
two wavelengths of A 1 and A 2 emitted from the light 
source portion 2 are irradiated onto the same area on the 
surface of the cable coating insulation material 1. The 
operation part 11 calculates the reflection absorbance in 

25 the wavelength Al using Equation (1) to store A Al . Therein, 
the reference reflection light intensity 10 for each 
wavelength has been measured using an alumina white plate 
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and pre-set to the operation part before starting the 
measurement. Similarly, the reflection light intensity I l2 
of the cable coating insulation material 1 to the emitted 
light from the light source A 2 is measured, and the 
5 reflection absorbance A A2 for the light of wavelength A 2 
is stored in the operation part 11. The reflection 
absorbance difference A A between the two wavelengths is 
calculated from the values of reflection absorbance A Al and 
A x 2 of the cable coating insulation material 1 to the 

10 wavelengths A 1 and A 2 using Equation (2). Since the 
measured results in this time were I 0 iAl = 2.22 //W, i 0 k2 = 
2.35 //W, I^i = 1.15 UW and 1 k2 = 1.95 /ZW, the reflection 
absorbance difference A A became 0.2 05 from Equation (1) 
and Equation (2). Further, a relationship (a master curve) 

15 between the reflection absorbance difference and the 
deterioration degree of the cable coating insulation 
material 1 shown in FIG. 4 is pre-stored in the operation 
part 11, the measured deterioration degree of the cable 
coating insulation material can be calculated as the 

20 reduced time 6 using the relational chart to display the 
result. Since the reduced time 0 0 at the lifetime point in 
the case of the cable coating insulation material in this 
time is 0.30, the progress degree of the deterioration is 
68 %. in other words, it can be understood that the 

25 deterioration is progressed by 68 % as change in the 
chemical structure (bonding form). 

Finally, in the operation part 13, the comprehensive 
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deterioration degree of the cable coating insulation 
material 1 is determined from the first deterioration 
degree (46 %) and the second deterioration degree (68 %) 
obtained as described above based on a pre-stored 
5 relationship. The present embodiment employed a relational 
eguation which determines a value of the further progressed 
deterioration degree as the comprehensive deterioration 
degree in the safety side by comparing the first 
deterioration degree and the second deterioration degree. 

10 As the result, the value of the second deterioration degree 
(68 %) is obtained as the final result of the deterioration 
degree. That is, when the chemical structure (bonding form) 
change and the higher structure (crystallization degree) 
change are evaluated in the factor-by-factor basis, it can 

15 be judged that in the cable coating insulation material, 
progress of the deterioration caused by the chemical 
structure (bonding form) change is large. As described 
above, it is possible to perform comprehensive diagnosis 
capable of including change in values of the other physical 

20 properties which have failed to be noticed by the 
conventional evaluation technologies paying attention on 
only one physical property. As described above, in the 
present invention the deterioration degree can be diagnosed 
on each deterioration basis. 

25 In a case of diagnosing a cable insulator, the 

diagnosis can be performed using the cable insulator 
instead of the cable coating insulation material 1 . 
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(Embodiment 2) 

Description will be made below on a diagnostic system 
using optical fiber cables for the light guide passages in 
a method similar to that of Embodiment 1. As light sources 
of a light source portion 2, a laser diode (LD) of A 1 = 
405 nm and a laser diode (LD) of A2 = 1310 nm were used in 
a condition of 900 JUL W emitting light output power, 
respectively. 

Description will be made below on the method of 
evaluating the depolarization degree (DP) of the polarized 
light by measuring polarized light of the reflected light 
of the cable coating insulation material 1, referring to 
FIG. 8. Firstly, the operation part 12 outputs an 
instruction of inserting the polarizer 8 and the analyzer 9 
to insert filters to the light source portion 2 and a 
detector 6. A rotating mechanism for detecting a rotation 
of a plane of polarization due to the measured sample is 
contained in the analyzer 9, and the operation part 12 also 
executes driving control of the rotating mechanism. As 
shown in FIG. 9, polarization plane conservation fiber was 
used for the optical fiber cables. In the present 
embodiment, light measurement using the light source of e2 
was performed. In order to determine a reference angle a 0 , 
before starting actual measurement, pre-measurement is 
performed using an alumina white plate or the like and, the 
result is pre-set to the operation part. The polarized 
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emitted light from the light source of e2 is reflected on 
the surface of the cable coating insulation material 1 to 
reach the detector 6 through the analyzer 9. The analyzer 
is driven by a servo motor until the quantity of light 
5 becomes the maximum value, and the angle a and the light 
intensity l a at that time are obtained. Therein, a 
distance between the surface of the cable coating 
insulation material 1 and the end surface (including a 
protective quartz glass plate) of the light source portion 

10 2 is 2.5 mm. Next, the analyzer 9 is rotated to a position 
of an angle larger than £ by +90° to measure a light 
intensity I go at that position. In the present invention, 
I r a tio = Jsc/ 1 * is used as the index of DP. The first 
deterioration degree is determined from the value I ratio 

15 obtained as described above. The measured result in this 
time was I ratio = 0.18. Further, a relationship (a master 
curve) between the depolarization degree (DP) of the 
polarized light and the deterioration degree of the cable 
coating insulation material 1 shown in FIG. 5 is pre-stored 

20 in the operation part 12, the measured deterioration degree 
of the cable coating insulation material can be calculated 
as the reduced time 0 using the relational chart to 
display the result. Since the ratio I ratio at the lifetime 
point in the case of the cable coating insulation material 

25 in this time is 0.24, the progress degree of the 
deterioration is 75 %. 

Next, description will be made below on the method of 
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evaluating the absorbance difference or the absorbance 
ratio by measuring light intensities of the reflected light 
of the cable coating insulation material 1, referring to 
FIG. 7. The reflected light intensities I A2 ) of tne 

5 cable coating insulation material 1 of the light sources of 
the individual wavelengths were measured as flows. The 
emitted light from the light source of A 1 is reflected on 
the surface of the cable coating insulation material 1 to 
reach the light quantity measuring portion 5, and the light 

10 intensity I Al is obtained. Therein, a distance between the 
surface of the cable coating insulation material 1 and the 
end surface (including a protective quartz glass plate) of 
the light source portion 2 is 2.5 mm. There, the optical 
fiber cable is composed of a bundle of multi-component 

15 glass optical fibers, and the outer diameter of the bundle 
is 0.5 mm and the length of the optical fiber is 1 m. An 
optical system is set so that the irradiating light beams 
of the two wavelengths of A 1 and A 2 emitted from the 
light source portion 2 are irradiated onto the same area on 

20 the surface of the cable coating insulation material 1 . The 
operation part 11 calculates the reflection absorbance in 
the wavelength Al using Equation (1) to store A Al . Therein, 
the reference reflection light intensity I 0 for each 
wavelength has been measured using an alumina white plate 

25 and pre-set to the operation part before starting the 
measurement. Similarly, the reflection light intensity 1 12 
of the cable coating insulation material 1 to the emitted 
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light from the light source A 2 is measured, and the 
reflection absorbance A i2 for the light of wavelength A 2 
is stored in the operation part 11. The reflection 
absorbance difference A A between the two wavelengths is 
5 calculated from the values of reflection absorbance A Al and 
A A 2 of the cable coating insulation material 1 to the 
wavelengths A 1 and A 2 using Equation (2). Since the 
measured results in this time were I 0(A i = 1-26 /ZW, I 0;/l _ 2 = 
0.98 jUVI, I Al = 0.52 /ZW and I A2 = 0.66 JULYi , the reflection 

10 absorbance difference A A became 0.213 from Equation (1) 
and Equation (2). Further, a relationship (a master curve) 
between the reflection absorbance difference and • the 
deterioration degree of the cable coating insulation 
material 1 shown in FIG. 4 is pre-stored in the operation 

15 part 11, the measured deterioration degree of the cable 
coating insulation material can be calculated as the 
reduced time 0 using the relational chart to display the 
result. Since the reduced time 6 0 at the lifetime point in 
the case of the cable coating insulation material in this 

20 time is 0.30, the progress degree of the deterioration is 
71 %. 

Finally, in the operation part 13, the comprehensive 
deterioration degree of the cable coating insulation 
material 1 is determined from the first deterioration 
25 degree (75 %) and the second deterioration degree (71 %) 
obtained as described above based on a pre-stored 
relationship. The present embodiment employed a relational 



27 



equation which determines a value of the further progressed 
deterioration degree as the comprehensive deterioration 
degree in the safety side by comparing the first 
deterioration degree and the second deterioration degree. 
5 As the result, the value of the first deterioration degree 
(75 %) is obtained as the final result of the deterioration 
degree. That is, when the higher structure (crystallization 
degree) change and the chemical structure (bonding form) 
change are evaluated in the factor-by-factor basis, it can 

10 be judged that in the cable coating insulation material, 
progress of the deterioration caused by the higher 
structure (crystallization degree) change is large. As 
described above, it is possible to perform comprehensive 
diagnosis capable of including change in values of the 

15 other physical properties which have failed to be noticed 
by the conventional evaluation technologies paying 
attention on only one physical property. As described above, 
in the present invention the deterioration degree can be 
diagnosed on each deterioration basis. 

20 In a case of diagnosing a cable insulator, the 

diagnosis can be performed using the cable insulator 
instead of the cable coating insulation material 1 . 

Further, a cable formed by bundling several cables 
coated with a coating insulation material and further 

25 sheathing the bundled cables with a cable sheath is widely 
used for various kinds of products. In deterioration 
diagnosis for the cable of this kind, deterioration of the 
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inside cable coating insulation material may be estimated 
by diagnosing the cable sheath. However, it is preferable 
that the cable coating insulation material is directly 
diagnosed in a portion where the cable sheath has been 
5 pealed off. 

(Embodiment 3) 

An embodiment of a cable deterioration management 
method will be described below. FIG. 10 is a flowchart 
10 showing a flow of cable deterioration management. 

a 

■vg Firstly, data necessary for performing the 

jy deterioration management and the deterioration diagnosis is 

\i 

jly input to a database. As the data, cable specification data, 

environment data and cable laying data are input. 
j;j>j 15 The cable specification data is composed of 

W information on insulation materials and data expressing the 
FU correlation between a deterioration degree of the 

insulation material and a measured value. The cable 
insulation material is different depending on the kind of 
20 cable, and the deterioration rate is also different 
depending on the material. Therefore, the insulation 
material information and the data on the previously 
obtained master curve for each of the material are input as 
the cable specification data. 
25 The environment data means data expressing a 

surrounding environment of the cable. For example, since 
the insulation material is deteriorated by being affected 
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by a surrounding environment condition (temperature, 
radiation), the environment conditions (temperature, 
radiation dose) are important. Further, it is possible to 
output a characteristic curve under an environment from a 
5 master curve for a relating cable using the conditions. 
Information on an environment under which each of the 
cables is laid, and information expressing correlations 
among deterioration of the cable under the environment and 
a measured value, time etc. are input as the environment 

a 10 data. 

C3 

llfi The cable laying data means data expressing a laying 

ru 

status of a cable. It is difficult to measure and manage 

W 

j'y all cables because a large amount of cables are laid in a 
,:*! power station. Further, the environment condition of a 

ru 

15 single cable is different depending on the laying route, 
|:| and the deterioration rate of the single cable is also 

!M different area-by-area. Further, it is necessary for 
predicting deterioration to input information on a laying 
time of a relating cable. The various kinds of information 
20 described above are input as the cable laying data. 
The above is Step No. 21 in the flowchart. 
Next, a control value of a cable is set. In regard to 
the control value, a time point slightly before a lifetime 
of a cable is set as the control value. 
25 The lifetime of a cable is set depending on the using 

condition of the corresponding cable. 

Since a cable for a safety system is required to 
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operate during a loss-of-coolant accident (LOCA), the 
lifetime of the safety system cable is set to a time point 
that the safety system cable is deteriorated so as to be 
unable to withstand a LOCA test condition. On the other 
hand, the lifetime of a cable for a general system is set 
to a time point that cracks occurs in the insulation 
material. Setting of the lifetime is not limited to the 
above, and lifetime may be changed case by case. For 
example,, lifetime may be defined as a time point that an 
absolute value of elongation of an insulation material 
reaches 50 %, as generally used. 

Next, the control value of a cable is set to a time 
point capable of changing the cable before the cable 
reaches the lifetime. Although the control value is set 
according to a changing time period by taking the physical 
amount of corresponding cables, the laying status and the 
priority into consideration, the control value may be 
managed using the deterioration degree (%) from the initial 
value as shown in Embodiment 1, or may be managed using the 
absolute value of elongation (%) of the insulation material. 

In a case of a nuclear power plant, the scheduled 
inspection is performed once a year, and cable changing is 
performed during that period. The control value is 
basically set at the timing three years before a timing of 
the lifetime including the implementation of changing and 
the prior site survey. However, if it is difficult to 
complete the changing work during one scheduled inspection 
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period due to the physical amount of cables in an area, the 
laying status and so on, the control value considering 
three years or more may be set. The above is Step No. 22. 

The various kinds of information are read out from 
5 the database, and the inside of the power station is 
divided into a plurality of areas according to the 
environment conditions. Then, the physical amounts of 
cables (each cable kind, use) in each of the areas are 
arranged. This process is Step No. 23. 

10 If the physical amount of cables in one area divided 

in Step 23 is less than 10 cables, all the cables in the 
area are determined to be measured. If the physical amount 
of cables in one divided area is more than 10 cables, 10 % 
of the total physical amount and 10 cables in minimum are 

15 determined to be measured. The cables to be measured are 
selected in place so that the condition of the total region 
of the area can be expressed by the selected cables, and 
the cable numbers are recorded, and after that time the 
selected cables will be continued to be measured. FIG. 11 

20 shows an example of cable selection. The cables selected as 
described above are input to the database as initial data 
for executing the non-destructive diagnosis. The above is 
Step No. 24. 

In the power station, measurement is performed to the 
25 selected cables in each of the areas according to the 
method of Embodiment 1. The above is Step No. 25. 

In Step No. 26, the measured value is compared with 



32 



the control value previously set. If the measured value 
does not reach the control value, the data is recorded and 
the measurement is to be performed again during the next 
scheduled inspection. 
5 Although the non-destructive diagnosis of the cable 

is periodically performed until the measured value reaches 
the control value, the measured data is used for generating 
a deterioration characteristic curve in order to 
understanding the deterioration trend. This is Step No. 27. 

10 The next measurement implementation timing is 

determined according to a decreasing rate of the 
deterioration degree from the initial value. The 
measurement is performed every five years until the 
deterioration degree reaches a value smaller than 50 % of 

15 the initial value. After the deterioration degree reaches a 
value lager than 50 % of the initial value, the measurement 
is performed every three years. The above is Step No. 28. 

If the measured result reaches the control value, 
number of cables in the area relating to the measured 

20 cables is output in order to perform different management 
method depending on the number of cables. This work is Step 
No. 29. 

If the number of cables is equal to and smaller than 
10, that is, all the cables are measured, the cables 
25 reaching the control value are sequentially changed one by 
one. This is Step No. 30. 

If the number of cables is larger than 10, the cables 
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reaching the control value are changed, and the other 
measured cables are left as they are and the measurement of 
the other measured cables is to be performed every year. 
The deterioration degrees of the measured cables gradually 
reach the control value. Then, when number of the measured 
cables reaching the control value reaches one-half of the 
initial number of the cables to be measured, it is judged 
that deterioration degrees of all the cables in the area 
reach the control value, and all the cables in the area are 
changed. This is Step No. 31. 

(Embodiment 4) 

FIG. 12 shows a management flow in the cable 
deterioration management method in which deterioration 
factors are analyzed from the deterioration forms to output 
improved contents. 

The program is formed in such that when the 
deterioration degree reaches the control value in Step 
No. 26 of Embodiment 3, a ratio of the deterioration forms 
(oxidation, principle-chain cut and so on) of the cable is 
analyzed from the two different deterioration degrees and 
the diagnosed result to judge whether the main factor of 
the cable deterioration is caused by heat or radiation ray. 
The above is Step No. 32. 

There, improved contents for moderating the 
deterioration factor are output using the cable 
specification data, the cable laying data in the database 
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on Step No. 21. For example, in a case where it is judged 
that the deterioration of the cable is caused mainly by 
heat, a command which recommends using a heat resistant 
cable is output when a general cable has been used, or a 
5 command which recommends changing the route of the cable 
when there is a heat source such as a high-temperature pipe 
near the laying place of the cable. The above is Step No. 33 

(Embodiment 5) 

10 Description will be made below on a method of 

diagnosing a deterioration degree from a depolarization 
degree of polarized light by measuring polarization of 
reflected light from a crystalline resin material. Here, 
the deterioration degree of a polyethylene film caused by 

15 ultraviolet irradiation will be evaluated. Initially, in 
order to determine a reference angle a 0 , before starting 
actual measurement, the reference direction is measured 
using an alumina white plate or the like. The analyzer is 
rotated until the quantity of light becomes the maximum 

20 value, and the angle a and the light intensity I- at that 
time are obtained. Next, the analyzer is rotated to a 
position of an angle larger than a by +90° to measure a 
light intensity I 90 at that position. In the value I ratio = 
I 90 /I s is used as the index of DP, and the deterioration 

25 degree is determined from the value I ratio . The determination 
was executed using the relationship (the master curve) 
between the depolarization degree (DP) and the 
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deterioration degree which had been separately formed. By 
doing so, variation in crystallization degree caused by 
ultraviolet irradiation could be measured. 

5 (Embodiment 6) 

Description will be made below on a method of 
diagnosing quality from a depolarization degree of 
polarized light by measuring polarization of reflected 
light from a crystalline resin material. Here, the 

10 orientation degree of an alignment film coated on a 
substrate will be evaluated. Initially, in order to 
determine a reference angle a 0 , before starting actual 
measurement, the reference direction is measured using an 
alumina white plate or the like. The analyzer is rotated 

15 until the quantity of light becomes the maximum value, and 
the angle a and the light intensity I- at that time are 
obtained. Next, the analyzer is rotated to a position of an 
angle larger than a by +90° to measure a light intensity i 90 
at that position. In the value l ratio = l 90 /i s is used as the 

20 index of DP, and the orientation degree is determined from 
the value I ratio . The determination was executed using the 
relationship (the master curve) between the depolarization 
degree (DP) and the deterioration degree which had been 
separately formed. By doing so, irregularity in the 

25 orientation in the film could be evaluated by measuring the 
orientation degree of the alignment film while scanning on 
the alignment film. 



36 



( Embodiment 7 ) 

Description will be made below on a method of 
diagnosing materials from a depolarization degree of 
5 polarized light by measuring polarization of reflected 
light from a crystalline resin material. Here, the 
properties of paper (common paper, paper for copying, paper 
for color copying, paper for ink-jet printing, recycled 
paper, coated paper) will be identified and evaluated, 
i;*} 10 Initially, in order to determine a reference angle a 0 , 

a 

{({ before starting actual measurement, the reference direction 

111 

!i! is measured using an alumina white plate or the like. The 

l:i 

■fij analyzer is rotated until the quantity of light becomes the 

j;*5 maximum value, and the angle a and the light intensity I fi 

•' }|j 15 at that time are obtained. Next, the analyzer is rotated to 



a position of an angle larger than a by +90° to measure a 



m 
d 

ill light intensity l 90 at that position. In the value I rt . 



I 90 /I fi is used as the index of DP, and the paper property is 
determined from the value I ratio . The determination was 
20 executed using the relationship between the depolarization 
degree (DP) and the paper property which had been 
separately formed. In this embodiment, all the above six 
kinds of paper properties could be identified. 
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